
Target fragmentation in DIS on nucleon:  
Review of physics and measurements
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Target fragmentation physics
Kinematic variables
QCD factorization
Structures and dynamics

Target fragmentation measurements

: Cornell, JLab12ep/en
: CERN EMCμp

: FNAL, CERNνp, ν̄p

: HERAep

EIC detector coverage
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See also materials of 2020 CFNS Workshop 
“Target fragmentation physics with EIC”  
[Webpage]

 Strikman→

https://indico.bnl.gov/event/14009/
https://indico.bnl.gov/event/9287/


2Target fragmentation: Kinematic variables

    in CM frame ,xF =
pz

h

pz
h (max)

p = − q

Natural for hadron-hadron collisions
Scaling hypothesis in soft int:  Eh (dNh /d3ph) = F(xF, pT)

Feynman variable

Rapidity
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1
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h
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Eh − pz
h

Natural for soft interactions, e.g. string fragmentation
Collinear boost simple y → y + Δy

Light-cone fraction

 z =
p+

h

(1 − x)p+
=

hadron
remnant

Natural for parton picture, QCD factorization

 0 < z < 1

  in target fragmentation region z ≈ − xF z = O(1)
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Definition of “target fragmentation region” is a matter of criteria/judgment  Discussion→



3Target fragmentation: QCD factorization

QCD factorization

Semi-inclusive hadron production in target region
γ* + N → X + h(target)

Trentadue, Veneziano 1994: -integrated 
Collins 1998: Fixed 

pT
pT

QCD radiation: DGLAP, same as inclusive DIS

Predicts -scaling for fixed Q2 z, pT ≪ Q

Fracture functions / Conditional PDFs

Probability to find hadron with  in target 
after removing parton with  

z, pT
x

Universal, independent of hard process

Express target structure and hadronization dynamics
Open questions in QCD factorization: 

 Rogers, Chien→
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4Target fragmentation: Dynamics

Information in fracture functions

Hadronization of nucleon with “hole”  
in partonic wave function

Dynamics 

-dependence: Configurations in WFx

Charge/flavor of removed quark

Azimuthal asymmetries ϕh

P +x

"hole"

hadronization

 Parton correlations in initial state→

Spin dependence: Nucleon, removed quark, fragment Λ, Δ

Dependencies  

 Interactions in final state→

Color forces — string fragmentation?

Chiral symmetry breaking interactions,  pairs?qq̄

Challenge in model building:  
Interactions in both initial and final state

[Anselmino, Barone, Kotzinian 2011]

[Ceccopieri, Mancusi 2012]

[Strikman 2013]



5Target fragmentation: DIS measurements

Fixed-target experiments

Collider experiments

EIC detector coverage

Review of old fixed-target data: P. Renton, W. Williams, Annu.Rev.Nucl.Part.Sci. 31, 193 (1981) [INSPIRE]

: Cornell, JLab12ep/en

: CERN EMCμp

: FNAL, CERNνp, ν̄p

: HERAep

These experiments had detector coverage at  and reported target fragmentation measurementsxF < 0

https://inspirehep.net/literature/180772


6Target fragmentation: Cornell electron-proton

Cornell Synchrotron 1975
, also γ* + p(n) → p + X π± + X

Proton acceptance xF ≈ x′ = [−1,1] • Comparison of  and  binsQ2 W
• Protons mostly produced in TF region

• Fewer  produced with  targetp n

TF region

K.M. Hanson, CLNS-317 (1975) [INSPIRE]

Proton  distributionxF

https://inspirehep.net/literature/99946


7Target fragmentation: Cornell electron-proton

• Approximate Gaussian dependence 
∝ exp(−bp2

T)

K.M. Hanson, CLNS-317 (1975) [INSPIRE]

Proton  distributionpT

• Slope b ≈ 4 GeV−2

• Practically no  dependenceW

Many more results: π±, K±

Could be compared with JLab 6/12 GeV

https://inspirehep.net/literature/99946


8Target fragmentation: CERN EMC muon-proton

 distributions of xF p, π±, K±, Λ, K0

M. Arneodo et al., PLB 150, 458 (1985) [INSPIRE]

Vo lu m e  150B, n u m b e r 6 P HYS ICS  LE TTE R S  24 J a n u a ry 1985 

Backward Region Forward Region 

>,  
G 
(3. 

m 
E 
g 
re 
eJ > 

32 • it+ ÷fl- a) 
• K+.K - 

28 • p+~ 

2 

16 + I~ 

1.2 

08 
$ $ • ******' 

0 ~* • • • l l l l l  

0 i I I l l  l l l l l  [ I 

2O 2OO 
W 2 (GeV 2) 

32 • ~* +lI" bl 

• K**K- :~ tl 
28 • P*P e 

e 
2.4 • 

2 + 
16 

12 

08 

04 * • • e e * * * l  

~i • & & IA I '~  O. ~&, ,,,,I• ~ = 
20 200 

W 2 (GeV 2) 

Fig. 1. Ave ra ge  m u ltip lic ity o f p io n s ,  ka o n s  a nd  p ro to n s  a s  a  
fu n c tio n  o f W 2, (a ) b a c kwa rd  m u ltip lic ity (x F < 0), (b ) fo r- 
wa rd  m u ltip lic ity (x F > 0). 

p ro to n s  pe r e ve nt a s  one  wou ld  e xpe c t,  if the  s ta ble  
b a ryo n  fro m  the  ta rge t fra g me n ta tio n  is  a  n e u tro n  in 
ha lf o f the  e ve nts . The  rise  is  m u c h  fa s te r fo r p ions  
tha n  fo r he a vie r pa rtic le s . A highe r pa rtic le  yie ld  in  
the  fo rwa rd  c o m p a re d  to  tha t in the  b a c kwa rd  he mi- 
s phe re  is  obs e rve d  fo r p ions  a nd  ka o n s  whe re a s  the  
oppos ite  is  true  fo r p ro tons .  

Figs . 2a , 2b a nd 2c  s how the  no rma lize d  x F dis tri- 
b u tio n s  o f h a d ro n s  p ro d u c e d  in the  s e mi-inclus ive  
re a c tion /1  + p ~ /~  + h + X, whe re  h s ymbolize s  7r, K, p 
o r A a nd X the  re ma in ing  fina l s ta te  ha drons .  Ne u tra l 
ka o n s  a nd  A's  me a s ure d  in this  e xp e rime n t [13] a re  
c o m p a re d  to  cha rge d  ka o n s  a nd  p ro to n s .  The  curve s  
a re  the  p re d ic tions  o f the  Lund  mode l.  

The  (K0 + K0 )/2  d is tribu tion  is  s imila r to  tha t o f 
K-  in b o th  the  fo rwa rd  a nd ba ckwa rd  he mis phe re . 
This  is  to  be  e xp e c te d  in the  QP M a s  ne ithe r K0 (K0) 
no r K-  con ta ins  a  u va le nce  qua rk, wh ic h  is  fa voure d  
s ince  the  virtua l-pho ton  coup ling  is  p ro p o rtio n a l to  
the  cha rge  s qua re d  o f the  s truck qua rk. The  compa ri- 
s on o f the  x F d is tribu tions  o f A (A) a nd  p (~) in the  
fo rwa rd  d ire c tion  s ugge s ts  a  s imila r p ro d u c tio n  me cha - 
n is m fo r b o th .  The  A s how a  s imila r be ha viour in the  
ba ckwa rd  he mis phe re  to  tha t obs e rve d  fo r the  p ro tons .  
A (A) a re  s uppre s s e d b y ro u g h ly a  fa c to r o f 5 in  b o th  
the  b a c kwa rd  a nd fo rwa rd  re gion. 

Fig. 3a  give s  the  ra tio  o f pos itive  to  ne ga tive  yie lds  
fo r 7r, K a nd p. The  me a s ure d  ra tio  s hows  a n  e xce s s  o f 
pos itive  ove r ne ga tive  fo r a ll th re e  pa rtic le  typ e s  in the  
fo rwa rd  d ire c tion . In  the  QP M this  is  e xp la ine d  b y the  
e xce s s  o f va le nce  u -qua rks  in  the  p ro to n  a nd the  
cha rge  s qua re d  fa c tor. The  ka o n  a nd  p ro to n  ra tios  in- 
cre a s e  e ve n fa s te r with  incre a s ing x F tha n  the  p ion  
ra tio . In  the  ba ckwa rd  re gion, whe re  me a s ure d , the  
ra tios  o f 7r+/lr - a nd K+/K - a re  the  s a me  with in  e rrors . 
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Fig. 2. F e yn m a n  x d is trib u tio n s  n o rm a liz e d  to  th e  n u m b e r o f s c a tte re d  m u o n s  (N#) fo r pos itive  a nd  ne ga tive  h a d ro n s .  (a ) ~r +, K +, 
p a n d  A, (b ) rr-, K-,  ~ a nd  A., (c) K-  a n d  (K 0 + K°)/2 .  Th e  curve s  re p re s e n t th e  p re d ic tio n s  o f th e  Lu n d  m o d e l.  
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Fig. 3. Ra tio of pions , ka ons  a nd protons  as  a  function of Fe ynma n x, (a ) lr +, K +, p norma lize d to n-, K-, ~, (b) n +, K +, p nor- 
rea lized to a ll pos itive  ha drons , (c) n-, K-, ~ norma lize d to a ll nega tive  ha drons . The  curves  re pre s e nt the  pre dictions  o f the  Lund 
model. 

The  ra tio  o f p/O is  s tro n g ly inc re a s ing  with  de c re a s ing  
x F .  As  a n tip ro to n s  a re  e xp e c te d  to  be  p ro d u c e d  o n ly 
in the  fra g m e n ta tio n  c h a in  th e  la rge  e xce s s  o f p ro to n s  
ove r a n tip ro to n s  ca n  be  a ttr ib u te d  to  the  b a c kwa rd  
go ing  ta rg e t re m n a n t,  wh ic h  o fte n  fra g m e n ts  in to  a  
p ro to n .  

Figs . 3b  a nd  3c s how the  fra c tio n s  o f p io n s ,  ka o n s  
a nd  p ro to n s  to  a ll c h a rg e d  h a d ro n s  s e p a ra te ly fo r pos i- 
tive  a n d  ne ga tive  cha rge s . The  p io n s  d o m in a te  in  the  
c e n tra l xt; re g ion  wh ic h  c o u ld  be  due  to  th e ir p ro d u c - 
tion  fro m  d e c a ys  o f he a vie r re s ona nce s .  Th is  p io n  e x- 
ce s s  p ro d u c e s  a  d ip  in  the  c e n tra l re g ion  fo r the  fra c- 
tio n s  o fka o n s  a nd  p ro to n s .  The  fra c tio n  o f p io n s  de - 
c re a s e s  in the  fo rwa rd  re g ion ,  wh e re a s  ka o n s  a nd  p ro - 
to n s  inc re a s e .  

F ig . 4 s hows  the  a ve ra ge  tra ns ve rs e  m o m e n tu m  
s qua re d  <p2) a s  a  fu n c tio n  o fx  F fo r the  va rious  pa r- 
tic le  typ e s .  All th re e  p a rtic le  typ e s  in d ic a te  a n  inc re a s e  
o f <p2> with  x F in the  fo rwa rd  d ire c tio n .  An  in d ic a tio n  
o f a  d ip  in  the  c e n tra l x F re g ion  (s e a gu ll e ffe c t) is  s e e n 
in  th e  p io n  a nd  ka o n  da ta .  QCD p re d ic ts  a  fo rwa rd -  
b a c kwa rd  a s ym m e try be ca us e  o f h a rd  a nd  s o ft-g lu o n  
b re m s s tra h lu n g  fro m  the  s tru c k q u a rk wh ic h  le a d s  to  
a n  a d d itio n a l c o n trib u tio n  to  p z  in  the  fo rwa rd  je t  [5 ].  

"1 , . . C o m p a rin g  the  (p ~ ) d is trib u tio n  fo r he a vie r p a rtic le  
typ e s  s hows  in the  c e n tra l x F re g ion  a  s o m e wh a t la rge r 
(p2> fo r ka o n s  a nd  p ro to n s  th a n  fo r p ions .  F o r p ro to n s  
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Fig. 4. Average  transverse  mome ntum squared <p~> versus  
Fe ynma n x for pions , ka ons  and protons . The  curves  re pre s e nt 
the  pre dictions  of the  Lund model. 

the  <p2) d is trib u tio n  is  ra th e r fla t.  The  p re d ic tio n s  o f 
th e  Lund  m o d e l a re  c o m p a tib le  with  the  da ta .  

4. S u rn rn a rv .  Me s on a nd  b a ryo n  p ro d u c tio n  ha s  
b e e n  s tu d ie d  in d e e p  in e la s tic  m u o n  p ro to n  s c a tte rin g .  

462  
CERN EMC  280 GeVμp
Q2 > 4 GeV2, x > 0.02, 16 < W2 < 400 GeV2

• Comparison  in TF regionp ↔ π
• Comparison π± ↔ K±

• Comparison with Lund model

Average  of ⟨p2
T⟩ π, K, p

• Comparison π ↔ K ↔ p
• Comparison with Lund model 

• [Also: Rapidity distributions]

https://inspirehep.net/literature/206297


9Target fragmentation: CERN EMC muon-proton

M. Arneodo et al., Z.Phys.C 31, 1 (1986) [INSPIRE]

Further EMC measurements:

-dependence of pion distributions at Q2 xF < 0

•  scaling observed at fixed Q2 W

M. Arneodo et al.: Investigation of the W and Q2 Dependence 9 
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 9 - 0 . 6 < x F < - 0 . 4  

1 d N  ~ 
On(Y' W2)-Nev(W2 ) dfl ( y ' W 2 )  (12)  

of charged pions directly. 
Figure 6 shows the rapidity distributions of all 

charged pions and separately of ~+ and ~z- for 4 
intervals of W 2 and QZ>4GeV2. It is seen qualita- 
tively that the widths of the distributions increase 

w i t h  W 2 and that for higher W 2 a central plateau 
region starts to develop. Furthermore their central 
height D~(y=0, W 2) is roughly independent of W 2 
for W2> 16GeV 2. Finally the distributions are not 
quite symmetric around y =0 ,  i.e. they are somewhat 
different in the current and target fragmentation re- 
gion. 

Comparing the ~+ and ~z- distributions in Fig. 6 

Correlations target-current regions,  balancingpT

https://inspirehep.net/literature/227140


10Target fragmentation: CERN neutrino-proton

P. Allen et al. NPB 214, 369 (1983) [INSPIRE]
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o f 9 + (a ,c) a nd  9 -  (b ,d ) fro m  vp  (a ,b ) a nd  f,p (c ,d) e ve nts  with  x~ > 0.1 fo r two Win te rva ls : 3 < W <  5 
Ge V (full circle s ) a nd  5 < W <  10 Ge V (ope n  circles ). The  e rro r ba rs ,  which  include  the  s ta tis tic a l e rro rs  
a nd the  unce rta in ty in  the  corre c tion  functions , a re  d ra wn  from the  u p p e r le ft to  the  lowe r right fo r the  

full circle s  a nd  from the  lowe r le ft to the  u p p e r right fo r the  ope n  circles . 

V/P = 3 the  Lund-mo de l dis tributions  are  re as onable  approximations  to  the  data  
po ints  a lthough in the  forward he mis phe re s  (x F > 0) the  MC dis tributions  are  s till 
s o me wha t to o  broad and in the  backward he mis phe re  o f ~,p s catte ring the  ~r + and ¢r- 
MC dis tributions  are  c los e r toge the r than the  e xpe rime nta l one s . With V/P = 1 the  
MC dis tributions  turne d out to  be  broade r in the  forward he mis phe re s  and thus  in 
dis agre e me nt with the  data. 

P. A lien e t al. / Quark and diquark fragmentation 379 
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o f ~r + (a ,c ) a n d  ~- (b ,d ) fro m  ~,p (a ,b ) a n d  ~p  (c ,d ) e ve n ts  with  W >  3 G e V, x B > 0.1. Th e  e rro r b a rs  o n  
th e  d a ta  p o in ts  in c lu d e  the  s ta tis tica l e rro rs  a n d  th e  u n c e rta in ty in  th e  c o rre c tio n  fu n c tio n s .  Th e  
h is to g ra m s  re p re s e n t th e  c o rre s p o n d in g  d is trib u tio n s  fro m  th e  in itia l Lu n d -MC  e ve n ts  (s e e  te xt). Th e  fu ll 
c u rve s  s h o w fits  o f th e  fo rm  A(1 - [xv[)" to  th e  d a ta  p o in ts  fo r Ixv[ > 0 .2  in  e a c h  h e m is p h e re  (ta b le  2). 
Th e  d a s h e d  c u rve s  re p re s e n t o n e  h a lf o f th e  (s ym m e tric ) n o rm a liz e d  in va ria n t x F d is trib u tio n s  o f ~r ÷ (a , c) 

a n d  ~ '- (b ,d ) fro m  a  p p  e xp e rim e n t [19] a t 12 G e V/c .  CERN broadband neutrino beam from 350-400 GeV protons
 CC events,  > 5 GeV,  > 3 GeVνp/ν̄p Evis pμ

Aachen-Bonn-CERN-Munich-Oxford Collaboration

 distributions of xF π±

• Independent of  — Feynman scalingW
• Deviations from Lund model at xF < 0

https://inspirehep.net/literature/180772


11Target fragmentation: FNAL antineutrino-proton

M. Derrick et al., PRD 17, 1 (1978) [INSPIRE]

PROPERTIES OF THE HADRON. IC S Y STEM RESULTING FROM. . .
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FIG. 10. Fg(Xs) = (I/Nr)(2/sos) f, E*(d'N/dxsdp, ')dp, '
versus Feynman Xz for pion production in antineutrino-
proton interactions compared with similar pion-produc-
tion data from the interactions of real and virtual pho-
tons. The &p data is approximately normalized to the
e p data for X&& 0.
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FIG. 11. 5'&(Xs) = (I/Nr)(2/sv s ) J E*(d2N/dXsdpI~)dp~2
versus Feynman Xz for t P interactions compared with
the distribution for the hadronic reaction ~'p ~ X at 8
GeV//c. The hadronic data is taken from Ref. 3.6 and is
normalized to agree with the vp data ignoring the points
near Xy =0.

ti- &' production cross sections based on low-energy
data. "
We found that protons are only identifiable by

bubble density up to 1.0 GeV/c in momentum. Thus
while aQ negative tracks maybe taken as m to first
order, a complete separation of m' and proton
tracks is not possible. The m' distributions shown
below are selected as all positive tracks with iden-
tified protons removed. The data sample contains
646 m and S9 identified proton tracks. The resolu-
tions in X~, F„, 2, and p, ' (defined below) were
determined from the Monte Carlo program to be
+0.05, +0.2, +0.05, and +0.02 (GeV/c)s, respec-
tively.

A. Longitudinal distributions

Figure 9 shows the distributions in the invariant
structure functions, defined as

d'Ã
T ~ 0 ~Ps

plotted as a function of the Feynman variable X~

and of rapidity Fs. The distributions of the iden-
tified protons are also given. The most obvious
feature of these plots is the absence of any strong
forward diffractive peaks such as are observed in
both hadroproduction and photoproduction. As we
discussed in Sec. III, the absence of diffraction is
consistent eath the narrow multiplicity distribution
observed in vp reactions. It is apparent that the
target-fragmentation region shows a steeper X~
dependence for both m' and m thandoes the current-
(W ) fragmentation region.
Figure 10 compares the shape of F,(Xr) in real

and virtual photon reactions y(y„)p —v X (Ref. 15)
with our v data. For this comparison, the & data
are normalized to the y„data. Although the y„data
are restricted in %' and Q' while the P data are un-
cut, the general similarity of shape is evident.
Qur S' distribution has a mean value of about 3
QeV, and so is similar to the 8' values of the y
data. Note that in the photon reactions, it is neces-
sary to go to finite Q', where diffractive vector-
meson production is small, before universality in
the current fragmentation region is seen.
A similar result is seen if we compare our vp

data to nondiffractive hadroproduction. Figure 11
displays the F,(Xs) distribution for the reaction

PROPERTIES OF THE HADRON. IC S Y STEM RESULTING FROM. . .

I I I
)

I I I I
)

I I I I
(

I I I I

ep
C) )'P -=
0 yp
~ v p

e vr X

X

r X

X

0.5&0 & I.4, 2.2&%&2.8GeV2

2.2&%& 2.8 GeV
p CUT 2.2&I&2.8GeV

o

0
p

O. IO—

0.05—
O.ol— o Vp~pn X

0 1T p~Y X

.ps
~~~O~ I)I I I I I

-f0 -0.5 0 I.O
XF
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ti- &' production cross sections based on low-energy
data. "
We found that protons are only identifiable by

bubble density up to 1.0 GeV/c in momentum. Thus
while aQ negative tracks maybe taken as m to first
order, a complete separation of m' and proton
tracks is not possible. The m' distributions shown
below are selected as all positive tracks with iden-
tified protons removed. The data sample contains
646 m and S9 identified proton tracks. The resolu-
tions in X~, F„, 2, and p, ' (defined below) were
determined from the Monte Carlo program to be
+0.05, +0.2, +0.05, and +0.02 (GeV/c)s, respec-
tively.

A. Longitudinal distributions

Figure 9 shows the distributions in the invariant
structure functions, defined as

d'Ã
T ~ 0 ~Ps

plotted as a function of the Feynman variable X~

and of rapidity Fs. The distributions of the iden-
tified protons are also given. The most obvious
feature of these plots is the absence of any strong
forward diffractive peaks such as are observed in
both hadroproduction and photoproduction. As we
discussed in Sec. III, the absence of diffraction is
consistent eath the narrow multiplicity distribution
observed in vp reactions. It is apparent that the
target-fragmentation region shows a steeper X~
dependence for both m' and m thandoes the current-
(W ) fragmentation region.
Figure 10 compares the shape of F,(Xr) in real

and virtual photon reactions y(y„)p —v X (Ref. 15)
with our v data. For this comparison, the & data
are normalized to the y„data. Although the y„data
are restricted in %' and Q' while the P data are un-
cut, the general similarity of shape is evident.
Qur S' distribution has a mean value of about 3
QeV, and so is similar to the 8' values of the y
data. Note that in the photon reactions, it is neces-
sary to go to finite Q', where diffractive vector-
meson production is small, before universality in
the current fragmentation region is seen.
A similar result is seen if we compare our vp

data to nondiffractive hadroproduction. Figure 11
displays the F,(Xs) distribution for the reaction

Normalized  distributions of  produced in  
(  normalization adjusted at )

xF π± ν̄p, γp, ep
ν̄p xF < 0

• Similar TF distributions obtained with all probes

FNAL broadband neutrino beam from 300-400 GeV protons
Bubble Chamber detector for muon and charged hadrons

• [Also: Rapidity,  distributions]pT

Normalized  distributions of  in  and  
(  normalization adjusted)

xF π± ν̄p πp
πp

https://inspirehep.net/literature/120660


12Target fragmentation: HERA electron-proton

H1: F. Aaron et al., Eur.Phys.J.C 68, 381 (2010) [INSPIRE]
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ZEUS: S. Chekanov et al., JHEP 06, 074 (2009) [INSPIRE]

 distributions of leading baryons: 
Protons 0.7 GeV, 
Neutrons 0.2 GeV

xL
pT <
pT <

[Proton distribution does not 
contain diffractive peak at ]xL ≈ 1

• -scaling of leading 
baryon distributions
Q2

• Integrated baryon number at 
0.1 is only ~0.6-0.7xL >

Significant baryon number 
transport away from TF region.

Surprising result, because in the 
kinematics 0.01 the DIS 
process involves mostly sea 
quarks, not valence quarks

x ≲

https://inspirehep.net/literature/841764
https://inspirehep.net/literature/805171


13Target fragmentation: EIC detector coverage

[Weiss 2021, prepared for EIC Yellow Report [INSPIRE]]

Pseudorapidity  covered in proton 
target fragmentation measurements 
at various  and 

η

xF pT

• Significant part of target fragmentation 
hadrons between central detector  
and forward detectors 

η ≳ 3.5
η ≳ 4.5

 0

 2

 4

 6

 8

 10

 0  0.5  1  1.5  2

H
ad

ro
n 

ps
eu

do
ra

pi
di

ty
  
d

Hadron transverse momentum  pT  [GeV/c]

Hadron pseudorapidity in target fragmentation

[xB = 0.1, Q2 ~ 10 GeV2] Ep = 100 GeV: xF = 1
xF = 0.3
xF = 0.1

Ep = 41 GeV: xF = 1
xF = 0.3
xF = 0.1

• Target fragmentation coverage 
depends on proton beam energy

https://inspirehep.net/literature/1851258


14Summary and questions

• Valuable information on target fragmentation in “old” DIS data

• Observations from fixed-target experiments

• What does this imply for QCD factorization?

Approximate  scaling of distributions at fixed Q2 W

Similar hadron distributions at  in DIS and in photon-hadron/hadron-hadronxF < 0

Is there  scaling at fixed ? Need analysis with appropriate binning!Q2 z

Can we use Feynman scaling to construct “soft interaction” models for fracture functions?

• Observation from HERA collider experiments

Significant baryon number transport in DIS even at .  
Difficult to reconcile with scattering from sea quarks

x ≲ 0.01


